Introduction
Numerous coating systems based on epoxy and unsaturated polyester (UP) resins are available for industrial and submerged structures, but they are not completely satisfactory from the viewpoint of prevention of corrosion and fouling (Anand Prabu et al, 2004) .
The inorganic fillers which are introduced in the polymeric materials can be either absorbent, such as photoactive pigments (Pan et al, 2007; Jia et al, 2008) or non-absorbent such as calcium carbonate (Avolio et al, 2013; Mòczò et al, 2002) or alumina "tri-hydrate. (Joni et al, 2010; Gao et al, 2005) . The introduction of absorbent loads present on the fundamental level, an essential interest, they cause disturbances that are often used to analyze the mechanism of photo-oxidation of polymers.
In the category of concerned photo catalysts zinc oxide (ZnO), titanium dioxide (TiO 2 ) has been widely investigated (Parida et al, 2006; Pardeshi et al, 2008) . These studies are for photocatalytic degradation of organic pollutants in waste water treatment. However, photocatalytic activity of zinc sulfide nanoparticles (ZnS NPs) has not been studied in detail because of some limitations (Gou et al., 2004; Kohtani et al., 2005; Zhang et al., 2007a, b) . For the photocatalytic degradation of organic pollutants such as dyes existence of electron-hole pair at the surface is needed (Zhang et al., 2007a, b The overall effect of a pigment pro-oxidantor stabilizer depends on the polymerbase percentage and pigment dispersion in matrix. Inner filter effects and photo-catalysis will compete and only the experience will give us information on the preponderant phenomenon.
Experimental Method
We have examined the cross-linked unsaturated polyesters "UP" which are mainly polymers of the class of thermosets, whose implementation leads to cross-linked materials. They are very easy to build by charges and glass fibber. They are very appreciated for their flexibility of implementation and their properties: These materials can compete with metals in several areas and especially in the transportation industries. The development of a cross-linked and unsaturated polyester involves two steps (Lemaire et al, 1979 and 1981) :  A poly-esterification between di-acids (isophthalic acid / maleic anhydride) and glycols (1, 2 propylene glycol)  A radical copolymerization with styrene (Weiss et al, 1983) Samples of polymer (UP) were provided as homogeneous film of variable thickness, and the incorporated fillers are: Four type of mixture were carried out with 10%, 30%, 50% and 100%. The study of the evolution of the material required the use of multiple irradiation and analysis equipment:
Irradiation conditions  Along-wavelength: polychromatic irradiation apparatus called SEPAP12-24, consists of four mercury vapour lamps" medium pressure", typeMYMAZDA400 W, allows only radiation of wavelength greater than 300nm. The central portion of the chamber, located 25cm from the lamps, is equipped with a turret samples (24) animated by a circular and uniform movement. The temperature is controlled continuously by a thermocouple contact and stabilized at 2 ° C between 40°C and 80°C.  A short wavelength irradiation apparatus SEPAP254
consists of a cylindrical reflector agents based elliptic. The source, monochromatic tube mercury vapour" low pressure" emitting at253.7nm, embodies one of its focal axes. The other focal axis coincides with the axis of a sample turret (24) driven in a uniform movement of rotation. Irradiation was performed at room temperature.
Analysis
Changing in chemical structure of polymers is examined by UV analysis on a PerkinElmer554 equipped with an integrating sphere, or I. Rona Perkin Elmer 682 spectrophotometer and an FTIRNicolet20SX.
Titration of hydro-peroxides
The determination of hydro-peroxides is performed according to the method described by Petruj et al (Petruj et al, 1980) which is based on the ambient temperature oxidationofFe 2+ and the formation of a complex between Fe 3+ and SCN -ions.
Results

Study of the photo-oxidation of the polymer UP pigmented with Zinc Sulfide:
Pigmented samples of polymer UP with 2.5% and 10% Zinc Sulfide are irradiated in a chamber SEPAP 12-24 at 60 °C. Chemical evolution of these samples was examined by I.R. and U.V. spectrophotometry.
Analysis of photoproducts observed in I.R.
The photo-oxidation of these samples leads to the formation of oxidation photoproducts observed in I.R. We noted mainly the appearance of three bands at 3300, 3400 and 3465 cm -1 in the hydroxyls region and the expansion of the initial band in the field of carbonyls. The incorporation of Zinc Sulfide does not modify the evolution of the IR spectrum of virgin polymer during photo -oxidation. There were not particular important developments in the field of hydro-peroxides absorption (3400-3600 cm We examined the kinetics of appearance of oxidation photoproducts observed in I.R. As shown in Figure 2 , the optical density increases rapidly at the beginning of irradiation, and then varies linearly with irradiation time.
The comparison of the evolution of the IR spectrum of virgin and pigmented samples shows that the introduction of Zinc Sulfide with low rate (+2.5%) (Figure 2 -A) in the polymer increases the rate of formation of photo-oxidation products. At high rate (+10%) (Figure 2-B) , we find that the rate of photo-oxidation of pigmented polymer is identical to that one of the virgin polymer .Moreover, if we compare, with identical content (2.5%), the evolution of I.R. spectra of samples pigmented with Zinc Sulfide to that pigmented ones with Titanium oxides, the acceleration of the oxidation caused by the Zinc Sulfide is more important. (Figure 3-B) . The examination of U.V. spectra shows a significant increases of the rate of formation of photo products in the presence of Zinc Sulphide, and the optical density increases faster when the rate is low(2.5%). Finally, if we compare the evolution of the UV spectra of pigmented samples with TiO 2 and ZnS, at the same rate, we noted that the variations in the optical density of samples pigmented with ZnS are greater. 
ISSN (Online
Study of the photo-oxidation of polymer UP pigmented with Black Iron Oxides
The influence of black iron oxides on the photo-oxidation of the polymer UP was examined. Four types of mixtures prepared with 0.5%, 1%, 2.5% and 5% of pigment were irradiated in the enclosure SEPAP 12-24 at 60°C .The chemical evolution of these samples is followed by I.R. and U.V. spectrophotometry.
Analysis of photoproducts absorbing in I.R.:
The evolution of I.R. spectra of irradiated samples, analogous to that one of virgin polymer, is characterized by the increase in optical density in the field of hydroxyls (Figure 4 -B) and the enlargement of the initial band in the field of carbonyls. If we examine the kinetics of formation of observed photoproducts, we find that the incorporation of black iron oxides in the polymer UP increases the rate of oxidation of the polymer. As shown in (Figure 5-B) , changing's in optical density are practically equivalent for the samples with 0.5%, 1%, 2.5% of iron oxide, but decrease for pigmented samples with 5% black iron oxides.
Analysis of photoproducts absorbing in U.V:
The evolution of U.V. spectra of samples pigmented with iron oxides is similar to that of the virgin polymer. On observed an increase in density between 300-500 nm reflecting the formation of highly absorbent photoproducts (Figure 4-A) .Looking at the evolution of the UV spectrum regarding to the rate of introduced oxides, we see that the kinetics of appearance of absorbing photoproducts is different from that one of virgin polymer; the photooxidation is self-accelerating ( Figure 5-A) . The introduction of iron oxide black in the polymer increases UP significantly the rate of formation of absorbing photoproducts. This increase is even as more important as the iron oxides content is higher. 
Study of the effect of Calcium carbonate on the photo-oxidation of polymer
Calcium carbonate is a inorganic filler photo-chemically neutral (Fanton et al, 1983 ) with density of 2.7 to 2.8. Its introduction into polymeric materials has proven to be an interesting technique. In industry the reduction of the cost of final mixtures without affecting their mechanical properties is very important. Sometimes calcium carbonate is used to achieve a better distribution of additives within the material.
The influence of calcium carbonate on chemical evolution of the polymer UP during photo-oxidation was examined.
Analysis of oxidation photoproducts observed in IR:
The analysis of IR spectra shows that the introduction of calcium carbonate in the polymer UP does not affect the evolution of IR spectrum. The variations in the field of hydroxyls and carbonyls are all comparable with those of virgin polymer. The kinetic study of the formation of oxidation photoproducts shows that the optical density increases rapidly at the beginning of irradiation, and then varies linearly with exposure time of polymer. The comparison of changing's in IR spectra of virgin and mixed samples has required a thickness correction, taking into account the density of the polymer (value taken 1.3), the rate of calcium carbonate and its density. As shown in (Figure 6-A) , the introduction of calcium carbonate in the polymer UP causes a slight decrease in the rate of formation of photoproducts observed in IR. 
Analysis of oxidation photoproducts observed in UV
The photochemical evolution of samples UP containing various rates of CaCO 3 is different compared to that one of the virgin polymer. As shown in (Figure 6-B) , the evolution of UV spectra observed between 250-500 nm is more Licensed Under Creative Commons Attribution CC BY important at long wavelengths when the polymer is prepared with CaCO 3 , due to the formation of absorbing photoproducts. As shown in (Figure 7 ) the change of optical density at 400 nm regarding to the irradiation duration is represented. The introduction of calcium carbonate increases the rate of formation of absorbing photoproducts; it is more important as higher as the rate of CaCO 3 . (Figure 8 ) 
photolysis study of the UP polymer with calcium carbonate
Samples of polymer UP, prepared of 50 parts calcium carbonate to 100 parts of polymer are irradiated under vacuum at wavelengths above 315 nm and at a temperature of 45 ° C. The equivalent thickness loaded samples is equal to that of virgin samples.
Analysis of photoproducts absorbing in I.R.
The introduction of calcium carbonate in the polymer UP does not affect the evolution of I.R spectra. In the field of hydroxyls, we observe the appearance of a broad band around 3300 cm -1 attributed to photolysis products. The kinetic study of the optical density at 3300 cm -1 , shows that the rate of formation of photolysis products is not disturbed by the incorporation of calcium carbonate.
Analysis of oxidation photoproducts observed in UV
The irradiation under vacuum of samples UP with of calcium carbonate leads to a significant changings of optical density between 300-500 nm, due to the formation of very absorbing photolysis products. The comparison of changings of UV spectra between virgin and mixed samples indicates that the incorporation of calcium carbonate in the polymer UP led to more important evolution of optical density in the field of long wavelengths (Figures 9 -10 ). The study of the rate of formation of absorbing photolysis products shows that as per the virgin polymer, some photolysis products have proven unstable in the oxidizing medium. In fact, the photo-oxidation of samples irradiated under vacuum first causes the decrease of the absorbance between 300-500 nm, explained by the transformation of photoproducts in less absorbing ones, but their concentration in samples with CaCO 3 is significantly higher than that ones in the virgin polymer ( Figure 11 ). 
Conclusion
The photo-catalytic activity of Zinc sulfide and black iron oxides are much less known than those of titanium oxides and zinc oxide. With low percent, these pigments have an accelerating effect on the photo-oxidation. Moreover, the rate of photo-oxidation of polymer UP pigmented with ZnS is greater than that one observed with TiO 2 , interpreted by a lower inner filter effect with ZnS.
Trends observed between 400-500 nm of the polymer UP pigmented with ZnS, are greatly different than that one of virgin samples; the concentration of absorbing photoproducts is more important, due to an inner filter effect associated to this pigment .Highly absorbing and photochemically unstable photoproducts, especially the photolysis products, are protected by an absorbing screen. Black iron oxides in the polymer (UP) cause an important increase of the evolution of optical density between 300-500 nm. Added to the polymer UP, Calcium carbonate non-absorbing filler, causes a slight decrease in the evolution of the I.R. spectrum, and the protection of absorbing photo-products observed by screen diffusing effect by increasing the optical path of light; the formed photolysis products, normally photo-oxidized in the virgin polymer, are then protected. This effect of diffusing screen is as important as the rate of calcium carbonate is high.
